Introduction {#s1}
============

The coronavirus disease 2019 (COVID-19) pandemic has greatly affected healthcare delivery across the world, and many cardiac catheterization laboratories in the USA have scaled down the number of cases in accordance with regulatory and societal guidelines \[[@R01]\]. Recently published data reflect this reduction in catheterization volume and suggest a marked drop in ST-segment elevation myocardial infarction (STEMI) activations \[[@R02], [@R03]\]. In the present report, we aim to further characterize these changes at our institution, specifically in the setting of acute coronary syndrome (ACS).

Materials and Methods {#s2}
=====================

We performed a retrospective analysis of a cohort of patients undergoing cardiac catheterization between December 23, 2019 and April 12, 2020 at the University of California, Los Angeles (UCLA). We designated March 16, 2020 as the start of the COVID-19 era since UCLA stopped elective procedures on that date, and the "Safer at Home" order in Los Angeles was instituted soon thereafter on March 19, 2020. We included all patients with cardiac catheterizations for STEMI activations, ACS (i.e., unstable angina (UA), non-ST-segment elevation myocardial infarction (NSTEMI), true STEMI), and out-of-hospital cardiac arrest (OHCA). A STEMI activation was defined as a catheterization for a presumed STEMI or OHCA. A true STEMI was defined by the presence of a culprit lesion on angiogram. Characteristics of the true STEMI cases, including death, door-to-balloon (DTB) time, thrombolysis in myocardial infarction (TIMI) grade flow before and after the coronary intervention, TIMI thrombus grade, evidence of no reflow phenomenon, initial laboratory values for troponin-I and brain natriuretic peptide (BNP), and Q-waves on initial presenting electrocardiogram were recorded.

We compared cardiac catheterization volume for each clinical scenario (ACS, UA/NSTEMI, STEMI activations, STEMI, and OHCA) for the time period before and the month during the COVID-19 pandemic, and also compared the presentation of the true STEMI cases during these two periods. We performed independent *t*-tests for continuous variables and Pearson's Chi-squared tests for categorical variables. Stata 15.1 (College Station, Texas) was used for all statistical analyses and a P value \< 0.05 was considered statistically significant. The UCLA Institutional Review Board approved the study and waived patient consent due to the retrospective nature of the study.

Results {#s3}
=======

A total of 204 patients were included in this study (167 pre-COVID-19 and 37 during the COVID-19 era). The clinical characteristics of both groups of patients were fairly similar; both groups of patients undergoing cardiac catheterization for urgent/emergent indications were mostly older males, many of whom had medical comorbidities ([Table 1](#T1){ref-type="table"}). The mean monthly ACS cases dropped by 26% (P = 0.09), which was consistent among both UA/NSTEMI (26%, P = 0.12) and STEMI (27%, P = 0.20) ([Fig. 1](#F1){ref-type="fig"}). The number of STEMI activations significantly dropped by 45% (P = 0.04). OHCA cases decreased from five cases per month pre-COVID-19 to no case thus far in the COVID-19 era (P = 0.01).

###### Clinical Characteristics of Patients Undergoing Urgent or Emergent Cardiac Catheterization for Acute Coronary Syndrome or Out-of-Hospital Cardiac Arrest in the Time Period Before the COVID-19 Pandemic (December 23, 2019 to March 15, 2020), and During the COVID-19 Pandemic (March 16, 2020 to April 12, 2020)

                                         Pre-COVID-19^a^ (N = 167)   COVID-19^b^ (N = 37)
  -------------------------------------- --------------------------- ----------------------
  Baseline clinical characteristics                                  
    Age (years, SD)                      63.6 ± 13                   65.2 ± 12.6
    Sex (% male)                         71%                         84%
    History of hypertension              66%                         59%
    History of coronary artery disease   40%                         35%
    History of diabetes type 2           43%                         27%
    History of hyperlipidemia            46%                         49%
    History of chronic kidney disease    21%                         16%
  Presentation                                                       
    UA/NSTEMI                            63%                         70%
    STEMI                                20%                         22%
    OHCA                                 8%                          0%
    STEMI activations                    33%                         27%

^a^From December 23, 2019 to March 15, 2020. ^b^From March 16, 2020 to April 12, 2020. COVID-19: coronavirus disease 2019; SD: standard deviation; UA: unstable angina; NSTEMI: non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; OHCA: out-of-hospital cardiac arrest.

![Cardiac catheterization volume in the setting of ACS. (a) The number of cardiac catheterizations for each clinical indication separated by month. (b) The mean number of monthly cardiac catheterizations prior to the COVID-19 era compared with the number of cases during the COVID-19 era. Standard error bars are shown. \*Statistically significant difference with a P value \< 0.05. COVID-19: coronavirus disease 2019; ACS: acute coronary syndrome; UA: unstable angina; NSTEMI: non-ST-segment elevation myocardial infarction; STEMI: ST-segment elevation myocardial infarction; OHCA: out-of-hospital cardiac arrest.](cr-11-256-g001){#F1}

For true STEMI cases, the DTB times remained similar (80.6 min pre-COVID-19 vs. 79.3 min during the COVID-19 era, P = 0.47). Initial markers of cardiac injury were not significantly higher in the COVID-19 era than the pre-COVID-19 era (troponin-I: 13.9 ng/mL vs. 9.9 ng/mL, P = 0.685, and BNP 1,040 pg/mL vs. 348 pg/mL, P = 0.13, respectively). The rates of no reflow phenomenon and TIMI thrombus burden between the two groups were also similar. Lastly, there was no significant between-group difference in all-cause mortality in the setting of true STEMI excluding OHCA (14% vs. 13%, P = 0.9).

Discussion {#s4}
==========

There has been substantial interest in the cardiology community regarding ACS during the COVID-19 pandemic. In both the USA and Spain, centers have reported a decrease in overall cardiac catheterizations and STEMI activations \[[@R02], [@R03]\]. Multiple reports have also suggested that patients with STEMI are presenting later and experiencing longer DTB times \[[@R04]\]. A recent study out of Italy also reported reductions in cardiac catheterization cases across the spectrum of ACS \[[@R05]\]. Similar to this recently published data, we also observed a significant reduction in STEMI activations during the COVID-19 era. The main driver for this reduction in STEMI activations may be explained by the significant fall in OHCA cases who present to the emergency room. Our local emergency room changed the policy for OHCA during this pandemic, and now requires sustained return of spontaneous circulation of more than 5 min before the ambulance crew can bring the patient to the hospital. Further studies are necessary to determine whether the reduction in OHCA cases are due to increased out-of-hospital mortality. Furthermore, we found clinically meaningful and consistent trends for reduced catheterization volume in both UA/NSTEMI and true STEMI, though these between-group differences did not reach statistical significance likely due to our modest sample size, which was a limitation to our study.

While cardiac catheterization volume seems to be reduced during the pandemic, outcomes for these patients presenting with true STEMI are similar to patients presenting with true STEMI prior to the COVID-19 pandemic. Initial markers of cardiac injury for patients with true STEMI in the COVID-19 era were not significantly higher than those with true STEMI before the COVID-19 era, suggesting that patients in our geographic location may not be waiting longer at home before presenting to the hospital for care. Furthermore, the rates of no reflow phenomenon and high thrombus burden, both markers of delayed presentation for STEMI \[[@R06]\], and all-cause mortality were not different in our limited number of patients with true STEMI before and during the COVID-19 era. This may be due to the fact that the number of patients infected with COVID-19 in Los Angeles County \[[@R07]\] has not been as high as other regions of the country. Importantly, DTB times did not change despite the addition of extra precautionary measures (e.g., personal protective equipment (PPE)), allaying fears of delayed percutaneous coronary intervention and supporting primary percutaneous coronary intervention as the gold standard even in the COVID-19 era unless PPE is unavailable. Our cardiac catheterization laboratory was quick to implement and streamline a workflow where lab personnel were able to perform cases with appropriate PPE without delay in patient care.

In summary, our data collectively suggest that the initially reported reduction in STEMI activations is also seen across the spectrum of ACS, without a change in outcomes for STEMI cases. Longer-term data coupled with further insights from emergency medical system databases will be needed to further elucidate the mechanisms for the observed changes in cardiac catheterization volume during the COVID-19 era. Larger studies with longer follow-up will also be necessary to determine whether ACS-related outcomes are indirectly altered and worse during the COVID-19 pandemic.
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